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There are two important example of dynamical symmetry breaking in phenomenology of 
particle physics. One is chiral symmetry breaking in QCD and the other example is 
dynamical supersymmetric breaking. Although the theories with dynamical symmetry 
breaking are important in particle physics, their analyses are difficult since many important 
parts of physics cannot be accessed by the perturbation theory. Therefore we need non-
perturbative methods to analyze theories with dynamical symmetry breaking. 
 
The sum rules in QCD [1] and dualities in supersymmetric theories [2] are well-known non-
perturbative techniques. The sum rules can be derived for theories whose global symmetry is 
dynamically broken. They provide us with non-trivial relations among the physical quantities. 
In supersymmetric gauge theories, the Seiberg duality can often be used to analyze the 
                                                                           
 
strongly coupled gauge theories by using their weakly coupled dual descriptions. Although 
the sum rules and dualities are powerful techniques for strongly coupled theories in general, 
sum rules for supersymmetric theories or dualities in non-supersymmetric theories are not 
widely used for their analysis. Since one may obtain new insights from such trials, we study 
sum rules for dynamical supersymmetry breaking and also try to apply the idea of Seiberg 
duality to chiral symmetry breaking in non-supersymmetric QCD. We report the results of 
those analyses in this article. 
 
We propose spontaneous broken U(Nf) gauge theory [3] as the low energy effective model of 
QCD to analyze the chiral symmetry breaking through the idea of Seiberg duality. Since 
Seiberg duality is electric-magnetic duality of supersymmetric gauge theory, we interpret the 
model as the magnetic dual picture of QCD. This model contains the vector and scalar fields 
as well as the string as a solitonic object. Since string carries a magnetic flux in the magnetic 
picture, it can be naturally identified as the confining string via electric-magnetic duality. We 
examine whether such identification works at the quantitative level [3]. By using hadron 
masses and coupling constants as inputs, one can calculate the string tension and the 
Coulomb force between static quarks. We obtain values which are consistent with those 
inferred from the quarkonium spectrum and the Regge trajectories in the hadron spectrum. 
 
We also derive the sum rules in dynamical supersymmetric breaking models [4].  Our sum 
rules suggest that the low energy effective models of some class of supersymmetry breaking 
models may contain spin-2 resonance as counterpart of the rho meson in QCD. If there is a 
direct interaction between the Standard Model particles and SUSY breaking dynamics, the 
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的にひもの張力を計算し、実験値と比較することによって、その仮説の整合性を確かめている。 
 
2 つ目のテーマは超対称性の自発的破れに関する研究である。対称性と漸近的自由性の要請から、理
論の詳細によらずに物理量間に関係が現れることがあり、そのひとつにワインバーグ和則と呼ばれる
ものがある。本研究では、それを超対称性の破れに適用し、超対称理論が存在する場合に低エネルギ
ー有効理論に現れる粒子の質量や結合の強さの間にあるべき関係式を導いている。得られた関係式は、
超対称理論の低エネルギー有効理論へ制限を与える有用なものである。 
 
これらの研究は、QCD や超対称理論の従来の研究とは異なる角度からのアプローチであり、それによ
り興味深い新しい知見が得られていて、また今後の進展も期待できる。また、この学位論文の内容は
査読付き欧文雑誌に掲載され、申請者本人により日本物理学会でも発表されている。以上のことから、
申請者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示していると認めら
れる。したがって，中村充利氏提出の博士論文は，博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
